The mean concentrations of Al, Si, Cl, K, Ca, V, Cr, Mn, Fe, Zn, As, Br, Rb and Sr have been determined in treated tap water, natural mineral, and untreated ground water of Iraq using non-destructive Proton Induce X-ray Emission (PIXE) analysis in combination with pre-concentration technique. In order to increase analytical sensitivity of the most elements detected by PIXE method, water samples were pre-concentrated by evaporation at 50 • C under atmospheric pressure, to obtain dry dissolved solids. A 2.0 MeV proton beam was employed to excite the samples. Certified reference materials (GSP-2) were used in order to verify accuracy of the PIXE technique and the experimental results were in a good agreement with certified values. The concentration of these elements varied from one city to other depending on the geographical locations where the samples were collected. Our results were within the permissible limits reported by Iraqi standards, European standards, and WHO guidelines for drinking water quality. The main objective of this work was to characterize and to monitor the trace elements in drinking water and untreated ground water of Iraq, as well as to provide valuable information about the levels of heavy metallic pollutions.
Introduction
It is well known that low trace elements are essential for life, but an excess of these elements, they may be toxic. The determination of trace and toxic elements composition of water has made a valuable contribution to the environmental, biological science and toxicology.
In Iraq, the Tigris and Euphrates rivers are the main source of water supply for drinking, domestic uses, irrigation, generate electric power from hydropower stations and other uses. Some of the people in Iraq in some regions of the country, including almost everyone who lives in rural areas, use ground water for drinking and other household uses. The largest use of ground water is to irrigate crops. Untreated ground water may be chemically contaminated making it unfit for consumption without treatment.
The use of wastewater, chemical fertilizers and pesticides in agriculture has benefit in many ways but has introduced many pollutants into the river water and food chain. Discharge of untreated waste from domestic, industrial, hospitals, and agricultural or other human activities to the rivers is increasing the concentration of trace and toxic elements in water every year and this has an effect on the human health for long time of life. Rivers need to be conserved and should remain clean and unpolluted.
PIXE analyses 1-9 of trace elements is widely applied in several fields and technology, particularly in environmental sciences. PIXE offering the advantage of non-destructive multi-elemental analysis, adequate, high sensitivity, speed of analysis for a wide variety of samples and cheaper than other techniques.
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In order to increase analytical sensitivity of the most elements detected by PIXE method, water samples were pre-concentrated 6,14 by evaporation at 50
• C under atmospheric pressure, to obtain dry dissolved solids.
Applications of PIXE analysis in combination with pre-concentration techniques of multi-element concentration level in water have been reported by several authors, 2-6 whereas in some cases the authors 7-9 have applied PIXE measurements without pre-concentration treatment.
In the present study treated tap water were collected from 27 cities across Iraq, while ground water samples were collected from five different wells in northern, southern and western regions of Iraq and analyzed for 14 elements using PIXE with pre-concentration technique. Water samples and U.S. reference material (GSP-2), Granodiorite, Silver Plume, (U.S. Geological Survey reference material) are bombarded with 2.0 MeV protons. Standard reference material (SRM) was used for the analysis of all elements present in the water samples.
Experimental Procedure

Sample collection and pre-concentration technique
Treated tap water was collected from 27 cities across the country and natural mineral water was collected from four different mineral water factories in Baghdad. Untreated ground water samples were collected from five different wells in northern, southern and western regions of Iraq during 2007-2008, using clean polyethylene bottles of 1.5 liter without coming into contact with hands and other materials. Water samples were processed directly in order to minimize losses of trace elements due to the adsorption effects. 5 ml of HNO 3 added to 1 liter of water to prevent the loss and adhesion of the elements with the glass walls. The pre-concentration procedure 14 has been applied for water samples by evaporation at 50
• C under atmospheric pressure to obtain dry dissolved solid residue. Total dissolved solid (TDS) refers to the inorganic salts and small amounts of organic present in water (WHO). 15 However, the presence of high levels of TDS in water may be objectionable to consumers owing to the resulting taste and to excessive corrosions in water pipes, and household appliances (WHO) 15 and EU standards. 16 Ela and Wendell 17 classified the water by the amount of TDS per liter for: fresh water < 1500 mg/L, brackish water from 1500 to 5000 mg/L and saline water > 5000 mg/L. The weights of the final dissolved solids from one liter were in the range of: (0.250-1.252) g/L and its average value of 0.711 g/L for treated tap water samples, range of (0.155-0.4360) g/L and its average value of 0.269 g/L for natural mineral water, and range of (0.361-8.489) g/L with the mean value of 4.958 g/L for untreated ground water. The United States Environmental Protection Agency (EPA) recommends that the TDS concentration is a secondary drinking water standard, 18 which means that it is not a health hazard. The final dissolved solids were milled in an agate mortar and were pressed into 5 mm diameter and 1 mm thick pellets using a stainless steel hydraulic press.
PIXE experimental setup
Analysis of PIXE setup in a vacuum was performed with a 2 MeV proton beam from Van de Graaff accelerator. The setup for PIXE analysis was already discussed by Al-Bedri et al.
1 which consists of a 30 mm 2 Si(Li) detector with a resolution of 175 eV (FWHM) at 5.9 keV (Mn K α X-rays), charge sensitive preamplifier, an analogue-to-digital converter (ADC) and a computerized multichannel analyzer. The samples were irradiated with 2 MeV protons at an angle of 45
• with the normal to the sample, for 20 minutes. An absorber of 50 m Kapton foil thick is placed in front of the detector. This allowed an increase in the signal-to-noise ratio of trace elements.
19 Si(Li) X-ray detector was used to identify the atomic species in the sample from energies of the characteristic peaks in the X-ray emission spectrum and to measure the concentrations of the elements in the samples. The concentrations of the elemental constituents in the sample were calculated from the PIXE spectra using the Guelph PIXE (GUPIX) software package published by Maxwell et al. 20 and the calibration of PIXE system measured by relative method using SRMs (discussed by Al-Bedri et al. 1 ). In this study, the standard reference elements used are actually nearly similar in composition to the water samples analyzed.
Results and Discussion
In the present study, the accuracy of PIXE technique 1,6,12-14 was checked using standard reference materials GSP-2. Table 1 represents the arithmetic mean values and the standard deviation (S.D.) of the elemental concentrations obtained in SRMs compared with the certified values reported by U.S. Geological Survey reference material. The accuracy of the measurements is within ±1% to ± 9%. The range and the arithmetic mean concentration values ± S.D. in µg/L for all elements (Al, Si, Cl, K, Ca, V, Cr, Mn, Fe, Zn, As, Br, Rb, and Sr) detected in treated tap water collected from 27 city across Iraq are summarized in Table 2,  while Table 3 gives the results of natural mineral water.
In general, the mean concentration values for the most elements detected in treated tap water are varied from one city to other and are in agreement with data published by Al-Bedri et al.
14 for Euphrates and Tigris rivers water in Iraq and a similar observation was reported by Ndiokwere Pet al. 21 This may be due to the geographical locations and the local contamination of Euphrates and Tigris rivers which flows through a large number of industrial cities in Turkey, Syria and Iraq and receives a large amount of untreated wastes from domestic, industry and agriculture. The mean concentration results obtained for all elements (trace and toxic) studied in treated tap water are higher than those for natural mineral water, especially for heavy metals (Ca, Fe, Zn) are 4 to 9 times higher than those in mineral water. This is may be due to the internal corrosions of the piping water supply system, tanks, valves and pumps; a similar result was reported by Yamazaki et al. 2 The values of the elemental concentrations in treated tap water and natural mineral water found in this work are less than the standard values reported by WHO 15 guideline values for drinking water quality, EU standards 16 and the Iraqi standards 22 for drinking water quality. The concentrations of Al, Si, Cl, Ca, Cr, Fe, Zn, Br, Rb and Sr detected in untreated ground water collected from five different wells across Iraq is summarized in Table 4 .
The mean concentration values for the most elements detected in the untreated ground water are relatively higher than those for the present work of mineral and tap water, drinking water, 2 river water, 14 and underground water, 8 except for Sr. This is may be due to the geological and geographical locations, 14, 21 or depending on the local contamination of the wells water due to suspended materials and living matter. 23 Usually soil and rocks may contain high concentration of these elements. The concentration of all elements obtained in the untreated ground water is within the maximum permissible limits reported by WHO 15 guidelines for drinking water quality, EU standards 16 and Iraqi standards 22 for drinking water except for Al. Finally, our treated drinking water is usually acceptable to consumers and is relatively good quality, while the results of this study indicate that the untreated ground water is contaminated with heavy elements like Cr, Fe, Zn, and Sr. These waters are suitable for drinking after some softening and desalination treatment.
Conclusions
The present work is the first attempt to identify trace and toxic elements (Al, Si, Cl, K, Ca, V, Cr, Mn, Fe, Zn, As, Br, Rb and Sr) in treated tap, natural mineral and untreated ground water of Iraq using PIXE analysis in conjunction with pre-concentration technique. The concentrations of the elements detected in drinking water of Iraq were within the limits of the Iraqi standards, EU standards and WHO guidelines values for drinking water quality. Our treated drinking water is usually acceptable to consumers and is relatively good quality, while our untreated ground water classified as saline water and it is unfit for consumption without treatment. Ground water results are suitable for drinking after some softening and desalination treatment.
